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(57) Abstract: In a first aspect the invention relates to a device lor slowing down and disintegrating 
a plug of liquid plunging forward in a duct. The device comprises a container (1) having a bottom (5) 
and an opposite inlet (2), which is connectable to the duct and through which the plug of liquid can 
be directed into a central, a>dal trajectory (A) in the container. Inside the container, an inner tube (7), 
being open towards the bottom, is arranged, which tube separates an inner hollow space (8) from an 
outer, cross section-wise ring-shaped hollow space (9), a distributor body (13) being arranged in the 
trajectory of the entering plug of liquid with the purpose of splitting and disintegrating the plug of 
liquid as well as throwing out the disintegrated constituent parts of liquid in the direction outwards 
from the centre. The bottom (5) comprises a concavely curved guide surface (16) with the purpose 
of diverting the liquid from one of the hollow spaces to the other in order to, in this way, reverse the 
direction of motion of the liquid. In a second aspect the invention relates also to a method of slowing 
down and disintegrating a plug of liquid plunging forward in a duct. 
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A METHOD AND A DEVICE FOR SLOWING DOWN AND DISINTEGRATING A 
PLUG OF LIQUID PLUNGING FORWARD IN A DUCT 

Background of the Invention 

In nuclear power plants that make use of pressurised 
water reactors, water is brought under pressure to circu- 
late between the reactor and a boiler. In this conduit sys- 
tem, a pressure- retention tank is included that works as an 
expansion vessel and has the purpose of absorbing possible 
variations in pressure in the conduit system. To said pres- 
sure-retention tank, a plurality of relief and blow-off 
valves are connected via particular conduits, which valves 
have the purpose of becoming opened in order to discharge 
steam from the pressure- retention tank in case the pressure 
in the same would unintentionally increase above predeter- 
mined maximum permissible values. Immediately up-stream 
each such valve, a water seal is present that has the pur- 
pose of preventing hydrogen gas from reaching and passing 
the valve (together with the oxygen of the air, hydrogen 
gas may form explosive detonating gas) . The water seal con- 
sists of approx. 5-2 0 1 of water that rests in a U-shaped 
pipe section immediately up-stream the valve. Via a secon- 
dary conduit system, the valves communicate with a tank 
that is denominated blow-off tank. 

In the undesired case when the pressure in the pres- 
sure-retention tank would come to increase above the maxi- 
mum permissible value, one or more valves are triggered so 
far that they are opened in order to discharge the pressur- 
ized steam to the blow-off tank. In doing so, the water 
present in the water seal will be swept along by the dis- 
charged steam, and together with the same plunge forward in 
the secondary conduit system as a plug-like mixture of 
water and steam. For this reason, those skilled in the art 
use the denomination "plug of water" for the relatively 
closely held together volume of water that, is put in 
motion. The individual valve is triggered at a very high 
pressure. In practice, hence the valve is usually opened at 
approx. 160-170 bar. This means that the swept-along and 
forward plunging plug of water obtains an extremely large 
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kinetic energy, meaning that it may exert a very large 
force on the conduit system in connection with said plug of 
water changing the direction of flow or slowing down, for 
instance in bends or the like . In other words , such plugs 
of water may have a very harmful impact on the secondary 
conduit system. 

Objects and Features of the Invention 

The present invention aims at overcoming the above- 
mentioned problems by providing a device that can slow down 
and disintegrate a plug of water or liquid plunging forward 
in a duct before the plug accelerates to a high velocity. 
Thus, a primary object of the invention is to provide a 
device that can be mounted closely behind a relief or blow- 
off valve in the secondary conduit system, or at all events 
upstream the components included in the same that is to be 
protected, in order to be able to break the force of, dis- 
integrate, and smoothly slow down a possibly released plug 
of water so that the same becomes extincted before it 
reaches any bend, T-piece or the like, and may exert harm- 
fully large impulsive forces on the same. An additional 
object is to provide a structurally simple, but simultane- 
ously reliably working device that in a smooth way can be 
connected to an existing conduit system. 

According to the invention, the above-mentioned 
objects are attained by means of the device that is defined 
in the independent claim 1. Preferred embodiments of the 
device according to the invention are furthermore defined 
in the dependent claims 2-10. 

In an additional aspect, the invention also relates 
to a method of slowing down and disintegrating a forward 
plunging plug of liquid. The features of this method are 
evident from claim 11 . 

Summary of the General Idea According to the Invention 

The invention is based on the idea of connecting a 
container to a conduit or duct in which a plug of water may 
come to plunge forward, in the interior of which container 
an inner tube is arranged that separates an inner hollow 
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space fr*om an outer, cross-section-wise ring-shaped hollow 
space, as well as of arranging a suitably conically taper- 
ing distributor body in the container, which body is hit by 
the plug of water entering the container in order for said 
5 plug to become divided or split and distributed sidewards , 

and a bottom included in the container being formed with a 
concavely curved guide surface, by means of which the dis- 
integrated water becomes smoothly deflected, and diverted 
from one of the hollow spaces to the other one, so that the 

10 water* in a fina.1 phase can flow in a counterflow towards 

the entering plug of liquid. Advantageously, in the inner 
tube, one or more sets of holes are formed that enable 
radial communication between the two hollow spaces. In this 
way, steam and/or disintegrated water moving in counterflow 

15 can be returned into the entering plug of water. 

Brief Description of the Appended Drawings 

In the drawings 
Fig. 1 is a partially cut perspective view of a device 
20 constructed in accordance with the invention, the 

main component of which consists of an outer con- 
tainer, 

Fig. 2 is a vertical section through the container and the 
interior thereof, 
25 Fig. 3 is a cross-section A-A in fig. 2, 

Fig. 4 is a cross-section B-B in fig. 2, 

Fig. 5 is a section through a bottom part included in the 
container, 

Fig. 6 is an enlarged section showing a detail of the 
30 device, 

Fig. 7 is a section corresponding to fig. 2 and showing an 

alternative embodiment of the invention, 
Fig. 8 is a section showing an additional alternative 

embodiment , 

35 Fig. 9 is a section through an alternative bottom part of 

the container, and 
Fig. 10 is a planar view from above of the bottom part 
according to fig. 9. 
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Detailed Description of Preferred Embodiments of the Inven- 
tion 

In fig. 1, 1 generally designates a long narrow con- 
tainer that at one end thereof - in this case the upper end 
5 - has an inlet 2 for receiving a plug of water, and at the 

opposite end thereof has a sturdy fastening ear 3, by means 
of which the container can be held in place in a mounted 
state. In the example, the container 1 is composed of a 
cylindrical tube 4, an end wall or bottom 5 distanced from 

10 the inlet 2, as well as a closing wall 6, which extends 

between the tube 4 and the inlet 2. In practice, the con- 
tainer is suitably - though not necessarily - mounted in 
the vertical state shown, meaning that the end wall 5 forms 
a bottom. The container has a considerably larger volume 

15 than the plug of water of at most approx. 20 1 that is to 

be received in the same. In a concrete embodiment example, 
hence the tube 4 has a length of approx. 1,5 m and a diame- 
ter of approx. 0,3 m, i.e., a volume of approx. 0,1 cubic 
metre . 

20 Inside the tube 4, an inner tube 7 is arranged 

having a smaller diameter than the tube 4 . Said tube 7 
delimits an inner, central hollow space from an outer 
hollow space 9 of ring-shaped cross -section shape. In the 
embodiment shown in figs. 1 and 2, the diameter of the tube 

25 7 should be chosen in such a way that the cross -section 

area of the inner hollow space 8 becomes smaller than the 
cross-section area of the ring-shaped hollow space 9. In 
practice, hence the outer hollow space 9 may have a cross- 
section area - and thereby a volume - that is 2 to 3 times 

30 larger than the cross -section area and the volume, 

respectively, of the inner hollow space 8. At the lower end 
10 thereof, the tube 7 is open towards the bottom 5. 

In the embodiment shown in figs. 1 and 2, the inlet 
2 constitutes a part of the tube 7, vis . the cylindrical, 

35 upper part of the tube that px~otrudes above the wall 6 . 

Said wall 6, which ha.s the purpose of closing the upper 
part of the outer tube 4, has the shape of a cone, i.e., a 
ring-shaped, conical sheet -metal plate, the narrow end of 
which is connected to the outside of the inner tube via a 
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first weld 11, and the wide end of which is connected to 
the upper edge of the outer tube 4 via a second weld 12. 

The part of the inner tube 7 that forms the inlet 2 
may in a suitable way (not shown) be connected to the sec- 

5 onclarv conduit system, mentioned, in the preamble. Advanta- 

geously, the inner tube 7 is installed in the axia.1 exten- 
sion of a tube (not shown) incruded in the conduit system. 
Up-stream the inlet 2, a preferably inclined branch conduit 
is arranged, through which the steam may be diverted at the 

10 same time as the forward plunging plug of water* can be 

directed axially into the tube 7, such as is shown by means 
of the arrows A. 

In the axial trajectory of the plug of water, a 
water-splitting or water- dividing distributor body 13 is 

15 arranged, which in the example according to figs. 1 and 2 

is included in the bottom part 5. More precisely, the-dis- 
tributor body 13 consists of a conical body having an enve- 
lope surface 14, which from an upper or front tip 15 diver- 
ges in the direction downwards to a circular interruption 

20 line, where it transforms into a concavely curved guide 

surface 16. Said guide surface, which is rotationally sym- 
metrical so far that it extends continuously around the 
conical body 13, is composed of two different part surfaces 
having different bending radii Rl, R2 . Accordingly, the 

25 curved part surface situated closest to the conical. body 13 

has a bending radius Rl that is larger than the radius R2 
of the peripherically located part surface. The last-men- 
tioned part surface transforms in turn, via a smoothly 
rounded transition surface, into a smooth inside of a 

30 cylindrical border 17, which protrudes from the rest of the 

bottom part. At the upper edge thereof, said border 17 is 
connected to the lower edge of the outer tube 4 via a weld 
18. In the bottom part, there is also a drain hole 19 to 
which a d.rain pipe (not shown) may be connected. 

35 At the upper end thereof, the inner tube 7 is firmly 

connected to the upper part of the outer tube via. the cone 
6 and the welds 11, 12. In order to hold also the lower end 
of the inner tube firmly in place, a number of radial 
struts 21, e.g., in the form of flat bars, are arranged, 
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which may be fixed by means of welds against the inside of 
the outer tube and the envelope surface of the inner tube, 
respectively. 

In the area of the upper end thereof, the inner tube 
7 is formed with a number of through holes 22. In practice, 
sa.id holes 22 may be equidistantly spaced-apart along of 
the tube periphery and have an elongate basic shape. As 
shown in fig. 6, the upper and lower end surfaces 2 3 of the 
hole edges may advantageously be chamfered, more precisely 
in such a manner that the upper end surface of the hole 
edges extends at an obtuse angle and the lower at an acute 
angle to the inside of the tube wall. In the example, the 
number of holes amounts to 12. As is clearly seen in fig. 
2, the lower end portion of the inner tube 7 is formed with 
a conically chamfered surface 24. From fig. 2 is further 
seen that the tip 15 of the conical body 13 is situated 
approximately on a level with the lower opening 10 of the 
inner tube 7 . 

The two tubes 4, 7 and the cone 6 may advantageously 
be manufactured from approx. 10 mm thick sheet -metal plate, 
e.g., acid-proof sheet-metal plate, while the bottom part 5 
is formed from a strong workpiece of metal, e.g., by lathe 
machining . 

The Function of the Device According to the Invention 

When a released plug of water is received via the 
inlet 2, it will move axially in the direction of the 
arrows A and first hit the conical distributor body 13, 
which splits the plug and disintegrates the same so that 
the water is distributed in all directions sidewards from 
the distributor body. After this, the water is directed, 
via the guide surface 16, in a smoothly rounded flow out 
towards the border 17 of the bottom part 5 in the direction 
of the arrows B, the direction of flow being reversed. 
After the reversal, the water flows upwards in the dii-ec- 
tion of the arrows C in the outer hollow space 9 . Conducted 
experiments have shown that different scenarios may arise 
depending on the prevailing pressure. At high pressures, 
the water plunging in via the inlet 2 is directed partly 
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out through the holes 22 in the upper part of the inner 
tube 7 and meets the main water flow that becomes deflected 
by the guide surface 16 and moves upwards in the hollow 
space 9. Fairly quickly, the plug of water becomes extinc- 
ted by the fact that the kinetic energy thereof is conver- 
ted to heat energy, the water being accumulated in the bot- 
tom zone of the container. When the water has calmed down, 
the same is automatically drained out via the diminutive 
hole 19, which always is open to the appurtenant drain 
pipe. It may also occur that air and/or steam that is pre- 
sent in the outer hollow space 9 will be pressed upwards 
through the outer hollow space when the water penetrates 
into the lower part of the outer hollow space, wherein the 
air/ steam mixture can pass in the direction inwards through 
the holes 22 and meet at least parts of the plunging- in 
plug of water in counterflow against the same. Already in 
conjunction herewith, hence a certain deceleration of the 
plunging- in water takes place. 

The above-mentioned experiments have shown that the 
plug of water disperses and slows down in a controlled way 
without giving rise to other than moderate forces. Accord- 
ingly, in practice the measured forces have turned out to 
amount to only 1/3 or 1/4 of the theoretical force that 
estimately can be calculated by means of the law of momen- 
tum conservation at a redirection of 180°. 

Alternative Embodiments of the Invention 

In fig. 7, an alternative embodiment is shown that 
differs from the embodiment according to figs. 1 and 2 only 
so far that an additional set of holes 22a has been formed 
in the inner tube 7. In the example, said set of holes 22a 
is located approximately halfway between the upper set of 
holes 22 and the lower end 10 of the inner tube 7. On the 
outside of the set of holes 22a, a collar 25 is arranged 
having a conically shaped guiding flange 26, which has the 
purpose of directing the pressed-up fluid (air and/or 
water) in the direction inwards to the holes with the pur- 
pose of additionally contributing to a deceleration or 
retardation of the plunging- in plug of water. Via the holes 
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22a, air as well as water can thus meet the plug of water 
in a counterflow at an earlier stage than the fluid being 
returned via the upper set of holes 22. 

In fig. 8, another method of slowing down and disin- 
tegrating the arriving plug of water is shown. In this 
case, a conical distributor body 13a is arranged on the 
upper pai~t of the inner tube 7 for splitting the plug of 
water - already when the same has passed the inlet 2. After 
this, the disintegrated water* is directed in an axial flow 
downwards in the dix~ection of the arrows A through the 
outer hollow space 9 . Via a guide surface 16 and a conical 
body 13, the water flow is redirected, such as is shown by 
means of the arrows B, and then the water is returned up 
through the inner hollow space 8 in the direction of the 
arrow C. Also in this case, circulation of fluid between 
the two hollow spaces can take place via at least one upper 
set of holes 22 in the inner tube 7 . 

At the lower end thereof, the inner tube 7 is, in 
this case, formed with a conical, corbelling-out flange 27, 
by means of which the entering water is directed out radi- 
ally in the direction of the inside of the outer tube. In 
this way, the tendency of the water to be pressed against 
the internal surface of the outer tube and the guide sur- 
face 16 in the extension of the same is optimized. Thanks 
to the conical body 13 included in the bottom part, it is 
guaranteed (in combination with the conical flange 27) that 
a centering of the redirected and reversed water flow 
occurs, so that the water in a reliable way is returned up 
through the inner hollow space 8 . 

In fig. 8, the inner tube 7 is, for the sake of sim- 
plicity, shown with the same diameter as in the embodiments 
according to figs. 1, 2 and 7 • In practice however, the 
inner tube 7 in the embodiment according to fig. 8 should 
have a proportionally larger* diameter, so that the hollow 
space, viz . the inner hollow space 8, in which the deflec- 
ted water is captured and slows down, gets a larger volume 
than the hollow space, viz . the outer hollow space 9, 
through which the water passes before reversing. Also in 
this case, the receiving hollow space, i.e., the inner hoi- 
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low space 8, should have a volume that is at least 2 to 3 
times larger than the hollow space through which the water 
is entered. 

In figs. 9 and 10, an alternative embodiment of a 
bottom part 5 is shown, which is formed with a central , 
upwardly pointing body 13 that still has a tapering shape, 
but is, in this case, not genuinely conical. Accordingly, 
the body 13 according to figs. 9, 10 is formed with a plu- 
rality (in the example 8) of concavely curved flutes 2 8 
that diverge in the direction of the periphery of the bot- 
tom part and transform into concavely curved, sector-shaped 
part surfaces, which together form the guide surface 16. 
The bottom part shown in figs. 9 and 10 may be used in the 
embodiments according to figs. 1, 2 and 7 as well as in the 
embodiment according to fig. 8. 

Feasible Modifications of the Invention 

The invention is not limited only to the embodiments 
described above and shown in the drawings. Although the 
inner tube as well as the outer have the shape of cylin- 
ders, hence it is feasible to give said components another 
shape. For instance, it is possible to form the inner tube 
slightly conical, more precisely in a way that the same 
diverges in a moderate angle towards the lower, open end. 
In this way, the particular flange 27 in the embodiment 
according to fig. 8 would be possible to be spared. 
Further, in the embodiment according to fig. 8, it is fea- 
sible to locate a conical or in another way tapering body 
in the area below the set of holes in the inner tube, more 
precisely with the tip of the body facing downwards, with 
the purpose of directing out the upwardly flowing water in 
the direction outwards to the holes. Furthermore, in the 
area of the transition between the curved guide surface of 
the bottom and the inside of the outer- tube, it is feasible 
to form a plurality of spaced-apart , small projections with 
the purpose of tearing the deflected water and disintegrat- 
ing the same further into smaller constituent parts . The 
device according to the invention may of course also be 
used for other liquids than only water. 
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1. Device for slowing down and disintegrating a plug of 
liquid plunging forward in a duct, character- 
ized in that the same comprises a container (1) having 
a bottom (5) and an opposite inlet (2) , which is correct- 
able to the duct and through which the plug of liquid can 
be directed into a central, axial trajectory in the con- 
tainer, that inside the container an inner tube (7) being 
open towards the bottom (5) is ax~ranged, which tube sepa- 
rates an inner hollow space (8) from an outer, cross-sec- 
tion-wise ring-shaped hollow space (9), that in the trajec- 
tory of the entering plug of liquid a distributor body (13, 
13a) is arranged with the purpose of splitting and disinte- 
grating the plug of liquid as well as throwing out the dis- 
integrated constituent parts of liquid in the direction 
outwards from the centre, and that the bottom (5) comprises 
a concavely curved guide surface (16) with the purpose of 
diverting the liquid from one of the hollow spaces to the 
other one in order to, in this way, reverse the direction 
of motion of the liquid. 

2. Device according to claim 1, characterized 
in that the distributor body (13) is arranged adjacent to 
the bottom (5) of the container and that the inner tube (7) 
and the inlet (2) are arranged in alignment, one after the 
other, the inner tube (7) being arranged to direct the 
entering plug of liquid through the inner hollow space (8) 
up to the distributor body (13), and the curved guide sur- 
face (16) being arranged to deflect the disintegrated liq- 
uid out in the outer hollow space (9) in order to, in the 
same, compel the liquid to move in the opposite direction 
against the direction of motion of the entering plug of 
liquid. 

3. Device according to claim 2, characterized 
in that the outer hollow space (9) , at the end thereof dis- 
tanced from the bottom (5) , is closed by means of an end 
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wall (6) extending between the container and the inner 
tube . 

4. Device according to claim 1, characterized 
in that the distributor body (13a) is ax-ranged at an end of 
the inner tube (7) located up-stream for splitting and dis- 
integrating the arriving plug of liquid immediately after 
the passage thereof through the inlet (2) and directing the 
disintegrated liquid through the outer hollow space (9) up 
to the bottom (5) , where the curved guide surface (16) 
thereof redirects the liquid into a reversed flow inside 
the inner tube. 

5. Device according to claim 4, characterized 
in that the inner tube (7) includes at least one guiding 
flange (27) with the purpose of directing the liquid pass- 
ing through the outer hollow space (9) radially outwards to 
the inside of the container. 

6. Device according to any one of the preceding claims, 
characterized in that the container (1) com- 
prises a rotationally symmetrical outer tube (4) that is 
concentric with a likewise rotationally symmetrical inner 
tube (7) . 

7. Device according to any one of the preceding claims, 
characterized in that the distributor body 
(13, 13a) has a shape that tapers in the direction against 
the flow of the entering plug of liquid. 

8. Device according to claim 7, characterized 
in that the distributor body (13, 13a) has a conical enve- 
lope surface (14) extending from a tip. 

9. Device according to any one of the preceding claims, 
characterized in that the inner tube includes 
a set of holes (22, 22a) through which fluid can be direc- 
ted back from one of the hollow spaces to the other. 
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10. Device according to claim 3 and 9, character- 
ized in that the inner tube (7) , in addition to a first 
set of holes (22) located in the vicinity of the closing 
end wall (6) between the container and the inner tube, com- 
prises at least one second set of holes (22a) located 
closer to the open end (10) of the inner tube, which set of 
holes co-operates with a collar (25) that aims at directing 
axially flowing air and/or liquid inwards towards the holes 
(22a) . 

11. Method of slowing down and disintegrating a plug of 
liquid plunging forward in a duct, character- 
ized in that the plug of liquid, via an inlet (2) , is 
directed into a central, axial trajectory in a container 
(1) that is closed by means of a bottom (5) , inside which 
container an inner tube (7) is arranged that opens towards 
the bottom, which tube delimits an inner hollow space (8) 
from an outer, cross-section-wise ring-shaped hollow space 
(9), and is brought to hit a distributor body (13, 13a) 
that tapers in the counterf low direction with the purpose 
of becoming split and disintegrated by the same, and the 
disintegrated liquid being brought to pass along a con- 
cavely curved guide surface (16) in order to redirect the 
liquid from one of the hollow spaces to the other and 
thereby reverse the direction of motion of the liquid. 
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